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plasticity and may not be able to acclimate to the high light environment 
(Bazzaz, 1979; Kitao et al., 2000; Pearcy et al., 1996). The upper canopy 
may in fact be acting as a shield to protect the lower canopy to maximize 
whole-canopy photosynthetic performance (De Frenne et al., 2019). 
Ishii et al. (2004) found that leaves directly below the leaves in the upper 
canopy of a closed-canopy temperate forest had higher photosynthetic 
rates than leaves that were receiving direct sunlight. In our study, this 
potential ‘umbrella effect’ would suggest that even when upper canopy 
leaves were not operating at maximum capacity due to temperatures 
greater than their thermal optima, the upper canopy shield may allow 
photosynthetic function to be maintained lower in the canopy. Even 
though it is possible that the upper leaves may still be photosynthesizing 
at higher rates than those lower in the canopy due to overall greater 
metabolic capacity and higher light availability, temperature-induced 
reduction of GPP in the sun-lit leaves could be partially offset by the 
lower canopy. As temperatures rise, the shaded leaves may actually 
increase carbon uptake if they have not yet approached their photo
synthetic thermal optima (He et al., 2018). This perspective, together 
with the large differences we observed in Tleaf between the upper canopy 
(20 m) and just 4 m below (16 m) suggest that higher spatial resolution 
assessments of the relationship between photosynthesis, Tleaf, Tair, PPFD, 
VPD, and stomatal closure in these upper few meters of the canopy could 
significantly advance our understanding of whole-canopy CO2 
exchange. 

5. Conclusions 

This work has demonstrated that the uppermost canopy layer of a 
mature tropical forest was frequently exposed to temperatures above the 
thermal optimum for photosynthesis, but the remainder of the canopy 
maintained levels below this critical threshold. While we found both Tair 
and VPD to increase linearly with height, Tleaf was neither linear nor 
constant across canopy height. Rather, there was no difference in Tleaf in 
the lower or mid-canopy, while the top layer of leaves was up to 4◦C 
hotter than the rest of the foliage in the transect. We also found the 
upper, brightly-lit leaves to exhibit a thermoregulation strategy that was 
distinct from that of the rest of the shaded foliage. The brightly-lit leaves 
at the very top layer of the canopy were megathermic, with positive ∆T 
(i.e., Tleaf > Tair), while ∆T was near zero in the rest of the vertical strata, 
revealing poikilothermic behavior across the range of air temperatures 
and radiation experienced by these shaded leaves. We speculate that the 
upper canopy may act as a radiation shield for the foliage below, where 
the upper leaves sacrifice photosynthetic gain and evaporative cooling 
by closing stomata under hot midday conditions, allowing leaf temper
atures to rise so the more shaded foliage can maintain stomatal 
conductance and perform photosynthesis well below thermal optima. As 
previous studies have suggested, vegetation models should consider the 
differences in leaf and air temperatures, as leaf temperatures are 
necessary to accurately simulate plant and ecosystem function. Taken 
together, our data show large gradients in a range of microclimatic 
conditions throughout a tropical wet forest canopy, as well as highlight 
how some variables change linearly through the canopy profile, while 
others show threshold changes between the uppermost sun-lit leaves 
and the rest of the shaded foliage below. 
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